Introduction
In Emergency Medicine, chief complaints largely influence patient management and patient selection into clinical trials. Patient emergency management, with its time-critical processes and the current challenges of patient overcrowding and lack of staff [1] , is supported by algorithms that often lead from chief complaints to workflows evaluating and managing diseases that are known and likely to occur. As a consequence, they require a clear knowledge of the patient population who seek emergency attendance. In clinical trials on acute diseases, patient enrolment is based on symptoms rather than confirmed diagnoses if early diagnosis and treatment are to be evaluated.
Only little hard evidence is available on the strength of the link between chief complaints and putative diagnoses, and thus the validity of the main algorithms used in Emergency Medicine and the validity of study populations remain debatable. Limited data are available from US registries [2, 3] and from descriptions of selected study populations originating from research designed for different objectives. There is a lack of high-quality, largescale epidemiological data on patient populations in Emergency Medicine.
Here, we present a study conducted at emergency departments (EDs) of a large European university hospital with the specific aim to critically assess the value of using chief complaints as so-called 'cardinal symptoms' in Emergency Medicine. We assessed and analysed data of 34 333 nonsurgical ED patients collected prospectively over a 1-year period with respect to their basic characteristics, chief complaint at admission, underlying Supplemental digital content is available for this article. Direct URL citations appear in the printed text and are provided in the HTML and PDF versions of this article on the journal's website (www.euro-emergencymed.com). diseases and, for hospitalized patients, in-hospital outcome.
Patients and methods

Patients
The Charité Berlin is one of the largest university hospitals in Europe. We assessed data of all 34 333 nonsurgical, adult patients who attended two of its EDs (one of which only admits nonsurgical patients), located at different catchment areas with different social structures, over a 1-year period (February 2009 until February 2010). The study was approved by the ethics committee of the Charité Berlin (EA2/118/08). The study complies with the Declaration of Helsinki and the regulations of International Conference on Harmonization -Good Clinical Practice and is registered in the German clinical trials register (Deutsches Register für klinische Studien; ID: DRKS00000261).
Data
All the data were collected from the hospital information system (HIS). Before initiation of the study, a new mandatory field was added to the electronic ED documentation in which the treating physician had to specify the patient's chief complaint to be either 'chest pain', 'dyspnoea', 'abdominal pain', 'headache' or 'none of these symptoms'. Data in the ED documentation form could only be saved once the treating doctor had moved the respective radiobutton from 'nil' to one of the chief complaint options after the first assessment of the patient. All 'direct data' with a limited number of possible answers were extracted from the HIS, a SAP R3-system using ORACLE databases, using a specially designed automated data retrieval program.
Diagnoses
The discharge diagnosis for out-patients (discharge from the ED) was documented by the treating physician as an International Statistical Classification of Diseases and Related Health Problems (ICD)-10 code. Diagnoses can have different 'priorities', describing their likelihood ('suspected', 'confirmed', 'excluded').
The main hospital diagnosis for in-patients is a well validated and reviewed ICD-10 code, which is regularly audited by the health insurance companies. Every inpatient is allotted only one main hospital diagnosis.
Statistical analysis
Each dataset was presented in an EXCEL format and later exported into PASW statistical software (IBM SPSS Statistics; IBM Corporation, New York, USA). Categorical data are presented as percentages together with the sample sizes. As numerical variables showed skewed distributions, median and 25 and 75% percentiles of the underlying distributions were used for measures of central tendency and dispersion, respectively. Exact versions of standard bivariate test procedures were applied (exact w 2 -type tests for two categorical variables and nonparametric Mann-Whitney tests for numerical variables between categories). The significance level for all tests was set to 0.05.
Results
Patient characteristics
The mean age of the total cohort of 34 333 ED patients was 55 years [57 (38/71)] [median (25th/75th percentile)]; 48.8% were men. The majority of patients were of German nationality (91.2%) and 89.3% had public health insurance. In total, 39.4% of the patients were admitted as in-patients after their initial evaluation at the ED. All patient characteristics are displayed in Table 1 .
Distribution of chief complaints
The vast majority of patients (66%; n = 22 600) presented without one of the predefined symptoms (option 'none of these symptoms'), 11.5% (n = 3954) presented with chest pain, 11.1% (n = 3824) with abdominal pain, 7.4% (n = 2529) with dyspnoea and 3.9% with headache ( Fig. 1) . Table 1) .
Underlying diagnoses for in-patients and out-patients
The top 20 diagnoses for in-patients and for out-patients are compared in the web-only file (Supplement Table 1 ; Supplemental digital content 1, http://links.lww.com/EJEM/ A16). In summary, the most frequent diagnosis for outpatients was arterial hypertension (4.1%). Most diagnoses were symptom based (ICD-10 R.xx diagnoses) and included 'pain in throat and neck', 'abdominal and pelvic pain', 'headache' and 'abnormalities of breathing'.
For in-patients, the most frequent diagnosis was cerebral infarction (8.2%). Diagnoses were mainly disease specific.
Chief complaint chest pain and underlying diagnoses for in-patients
A total of 3954 patients visited the EDs with chest pain during the study period; 47.5% of these were admitted as in-patients. The top 10 ICD-10 main hospital diagnoses of the chest pain in-patients are displayed in Table 2 .
A total of 50.7% of the in-patients with chest pain had an acute coronary syndrome (ACS) [unstable angina pectoris (UAP, ICD-10 code I20), non-ST-elevation myocardial infarction (NSTEMI, ICD-10 code I21.4) and STelevation myocardial infarction (STEMI, ICD-10 code I21.0-I21.
3)] as their underlying disease. On including additional ICD-10 codes (I21.9, I22, I23, I24) 59.1% of the main hospital diagnoses were ischaemic-acute, 3.5% ischaemic-chronic, 18.6% nonischaemic cardiac and 18.8% were noncardiac diagnoses (Table 3) .
Chief complaint dyspnoea and underlying diagnoses for in-patients
The two most frequent diagnoses of dyspnoea in-patients were chronic obstructive pulmonary disease (16.5%) and heart failure (16.1%). Apart from septicaemia (1.4%) and acute renal failure (2.1%), all diagnoses among the top 10 were of a pulmonary or a cardiac nature (Table 2) .
Chief complaint abdominal pain and underlying diagnoses for in-patients
Almost 50% of the main hospital diagnoses were of gastrointestinal origin, 5.5% were of nephrourological, Distribution of the chief complaints assessed. For study purposes, one out of four possible chief complaints (chest pain, dyspnoea, abdominal pain, headache) or 'none of these symptoms' were documented in an electronic file by the emergency department-physician seeing the patient first. Documentation was mandatory before saving the file. Table 2 Main hospital diagnoses (ICD-10 codes) of the patients presenting with the chief complaints chest pain, dyspnoea and abdominal pain 2.9% of gynaecological, 3% of cardiac and 19.3% of other origin. The most frequent diagnosis was acute pancreatitis, with 9.4% ( Table 2 ).
Chief complaint headache and underlying diagnoses for in-patients
The median age of the patients with headache was 52 (34/68) years; 61% were women. The most frequent main hospital diagnosis in these patients was cerebral infarction. All diagnoses were of neurological origin, except for essential hypertension (4.6%) in the top 10 (Supplement Table 2 ; Supplemental digital content 2, http://links.lww.com/ EJEM/A17); and disorders of fluid, electrolyte and acidbase balance (1.3%) in the top 20 diagnoses list.
Chief complaint 'none of these symptoms' for in-patients
The most frequent final diagnosis of these patients was cerebral infarction (12.4% plus transient ischaemic attacks 3.8%), followed by atrial fibrillation with 5% (Table 4) . Remarkably, acute myocardial infarction (1.6%, n = 136), intracerebral haemorrhage (1.6%, n = 132) and diseases of the digestive system (1.2%, n = 100) were also present in the top 20 diagnoses in this patient group.
Outcome: in-hospital mortality and intensive care unit care
In-hospital mortality of all in-patients was 4.7%. Patients admitted with chest pain had significantly lower inhospital mortality (0.9%) than patients with dyspnoea (9.4%, P < 0.0001) and abdominal pain (5.1%, P < 0.0001).
In contrast to this, patients with chest pain spent more time in ICU care than did patients with abdominal pain (P < 0.0001). Patients with dyspnoea, who had the highest mortality among the symptom groups, also had the highest rate of ICU care (18%, 10.6% more than once) (Fig. 2 ).
Discussion
The presented study provides evidence on the association between chief complaints at admission and their related diagnoses and in-hospital outcome in Emergency Medicine.
The majority of patients present to the emergency department without a specified chief complaint
Sixty-six percent (n = 22 600) of our patients presented to the ED without one of the four specified symptoms that have been shown to be the most frequent ones in Emergency Medicine [2] .
This may reflect the fact that many patients in the ED are multidisciplinary and multimorbid 'Emergency Medicine patients', exhibiting a variety of complaints with a wide range of severity and often a complex medical history.
A proportion of our patients with 'none of these symptoms', for example, with focal neurological symptoms 
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or seizures will be allocated to the Department of Neurology, but for the evaluation of many of our patients specialist emergency personnel is needed. The concept of a cardinal symptom leading to an immediate allocation of patients to the respective specialist discipline seems to be limited to a smaller part of emergencies.
It is difficult to find similar data in the European literature, Europe. For the USA, large registries are available but comparison is difficult [2, 3] . Healthcare systems are very different and due to, for example, insurance modalities ED patients in the USA are more unselected than in European cohorts.
The predominant underlying diagnosis in patients with chest pain is acute coronary syndrome A total of 50.7% of patients who were admitted as inpatients after presenting with chest pain had an ACS, whereas in 18.8%, no cardiac underlying disease was found. In a similar European study, Goodacre et al. [4] found that 64.7% of their admitted in-patients with chest pain were diagnosed with ACS, whereas 15% had undifferentiated chest pain, which roughly matches our findings.
Chest pain is probably the most classical cardinal symptom of all and this association seems to be supported by facts. Still, the prevalence of nonischaemia and noncardiac-related chest pain is high enough to emphasize a careful multidimensional diagnostic approach. Chest pain units, chest pain algorithms and preclinical chest pain alarms in Emergency Medicine have been set up to confirm or exclude ACS with great success [5] , but possible differential diagnoses must be included in these standards.
Patients with a chief complaint of dyspnoea have the highest mortality
The majority of our patients with dyspnoea had a cardiac or a pulmonary main hospital diagnosis. Data on ED patients with dyspnoea as the chief complaint mainly exist in the setting of clinical studies primarily set up to evaluate other objectives. These patient populations are highly selective as indicated by their high prevalence of acute heart failure (AHF). In the PRIDE study, 35% of the dyspnoeic patients had an AHF as the underlying disease; in the BACH study, over 50% of patients had AHF [6, 7] . In both studies, patients with dyspnoea were enrolled to evaluate AHF. The differentiation of pulmonary and cardiac causes of dyspnoea is a challenging task in Emergency Medicine [8] . Many patients with heart failure, but also with chronic obstructive pulmonary disease have multiple comorbidities and a complex background of their syndrome. The detrimental prognosis of patients with dyspnoea has recently again been shown [9] and early diagnosis and treatment of AHF are indispensable [10] . Still, it is important to bear in mind that three-quarters of patients with dyspnoea have other underlying diseases and will, at best, not profit from treatment strategies for AHF.
Abdominal pain matters in terms of mortality, but not as a cardinal complaint
About one-third of our patients with the chief complaint 'abdominal pain' were admitted to hospital for further evaluation and therapy. Overall mortality in this group was 5.1% and thus higher than in patients with chest pain.
Our findings are in line with other studies. According to a large US survey, the percentage of noninjury ED visits due to abdominal pain has increased markedly in the past decade to a rate of 11.3% [11] . Hastings and Powers [12] analysed data of 1000 patients presenting with abdominal pain where undifferentiated abdominal pain remained the most common single diagnosis. Compared with 'chest pain', the chief complaint 'abdominal pain' was much less specific. This is mirrored by the diversity of organ-related diseases causing abdominal pain. This diversity and unspecificity, combined with mortality even above those from patients with chest pain, emphasizes the need for more validated diagnostic algorithms in patients with abdominal pain. Most papers on abdominal pain suggest the generous use of imaging methods [13, 14] , but even though the computed tomography (CT) rate doubled from 2001 to 2005 in the USA, the detection rates probably did not increase accordingly [15] . Lameris et al. [16] investigated different imaging strategies for patients with acute abdominal pain, showing that a strategy with CT only after negative or inconclusive ultrasonography resulted in the best sensitivity and the lowest radiation exposure. In our patients with abdominal pain, the diagnostic approach including the use of ultrasonography and CT was less stringent, but was triggered by the presumed clinical diagnosis. A stricter adherence to a diagnostic algorithm as proposed by the study of Lameris and colleagues may result in a better patient outcome.
The mortality of in-patients with abdominal pain was substantially higher than in patients with chest pain
The overall mortality in our cohort was 4.7%, which is relatively low compared with the mortality rates in the literature [17, 18] .
Patients with dyspnoea in our cohort had the highest ICU and mortality rate. This is supported by Safwenberg et al. [17] , who found that patients with dyspnoea had a significantly increased risk of death as compared with patients with chest pain (odds ratio 1.95 and 1.81, respectively).
Statistics data brief on ED visits for chest pain and abdominal pain, found similar evidence. Their report states that the percentage of chest pain visits that were triaged as immediate or emergent was two to three times higher than the percentage of visits for abdominal pain. In contrast to this, ED visits for abdominal pain that resulted in a serious diagnosis were higher (17%) than those for chest pain (13%) [11] .
Standardization of patient care in chest pain units has led to improved patient outcome [19, 20] . A similar approach for chief complaints with high mortality may be advisable.
Conclusion
1. The majority of emergency patients lack diagnosisspecific symptoms and thus cannot be allocated to a specialist discipline before a thorough diagnostic workup. 2. Chief complaints can help to preselect patient groups but must not be mistaken as disease specific. This is of utmost relevance not only for the evaluation of a patient's underlying disease but also for patient selection in clinical trials. 3. Mortality of emergency patients is different between patient groups presenting with different chief complaints. To lower mortality, a highly standardized approach like in patients with chest pain might be advisable.
Limitations
Even though the patient's chief complaint was an obligatory field, doctors in stress may have bypassed the need to think about the correct answer by choosing 'none of these symptoms'. The 'chief complaint' field was limited to only five possible answers as we wanted to affect the treating doctor's work process as little as possible in order to obtain valid and real-time information. A number of patients, for example, with focal neurological symptoms or seizures, do present with symptoms that will in many cases lead to the right diagnosis. Thus, in the top 20 list with diagnoses of the 8633 in-patients with 'none of these symptoms', 1763 patients with stroke, seizures and transient ischaemic attacks are not unspecific as such.
Although the mandatory field for the patient's chief complaint was established prospectively for the purpose of this study, most data were assessed retrospectively from the HIS. The treating physician had no studyrelated training on how to fill in the documentation as to not influence the 'real-life' scenario.
